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ki * > ^ st <»m.mm * ia#t & * t -t % mm a 

2 ] 

noT, mie* * v** ke»\ we* * u^-f- KBEyijo»sti&R4P»iayaKf^ 

3 ] 

*t & '&tti!»0 7 * b - v * * PPM t a ft-fr* t * HHo 

[11*314] 

^-t*ot, me* ?vt* Ywmw> i&e* * - KE^jo»ac^s*si»E 
[mm 5 1 

Kl^^R*)*-*-- -tf flHt * Bft#t * ft** , 'tttifflfi £ * »t 4 ASKlmRNA£>tB!R& Pl« 

t * < b^ft > * i ^L^m k £ it * aski ififsi 1 w $s¥ * -r * it & %a e> & * if * b 

6 ] 

Kl* ^-tffctefcMtMfrglSK ^MII^i3tt^ASKlmRNA(7)SilR^|5I# 

1 4 it&m, £ i ^WBJWlft K & if & ASKlitfti 1 ^^ £ PflWi" & ft*** 1 

T*^t, tfrlB* * v*^ KEW> 1WE* * U*f- KE^ftKKj&R&fMffEfllKffc 

7 ] 

mJtfiMlffll&Kistf&ASKi* ASKI* w 

^RBK^t^h^f-frj!**, #tASKl#btt, ftl'^-V^^iff*^ 

< fc 5 ifctt 6 CEttoE*. 

[W« 8 ] 

m[fSASKl * K 5 7 > b * ffr -f ASKI (K709M) , ASKI (K709R) , AS 

K1NT, ASK-AN(K709MK ASK- AN(K709R) frb 4 <b®^$ *l<&*frfc < t & 

9 ] 

ME'^jftlBlft S »t * ASKlmRNACDiHR * Eft 4 flS-fr*;**, 7 > f - -fe > ^ DNA, 7 > f" 
■feV^RNA, i3J:iy f RNA^^<7)^i6(7)RNA^ibM^$tL^^4< fc t 5 

[w*a i o ] 

ttT I5RNAT i$<Dtztb<D RNA^) 5 \ ASKlmRNAE^J^ -tOffi*tE9!I, * /cti^^'b ©-»OE5!l 
[»*£ 1 1 1 

[it*a 1 2 ] 
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, ASK1 9V*9% ifmm- 4 7 # b - v * o jqi«| £ i: t X , fcajfcflMt** <b % <l> 

[»** 1 3 ] 

lit** 1 4 ] 

,i>^OTO£it>16^<7)^& < b*>--1i<otztb<r)fcM<o*tV-->Vft&X'1b'oX 
, ASK1* w^gogey >M^lfi#£^fIk LT, 3S»J#S«fl:£'»*^ W^o^ 

III** 1 5 ] 
[ft** 1 6 ] 

, ASKl^>/^»*ettft"t*H : f»Oiettia* I Sr»«kL-C % ISIMH, 
[If** 1 7 ] 

[ft** 1 8 ] 

it'»^O^PH»*J:0 r ?6#O^&< H-jo/>:*^iT-*oT, It** 1 O^fc 1 7 
[If** 1 9 1 
[It** 2 0 ] 

.M^O^Bfr* J:TO#<7)^4 < ASK1* ft****"*-* 

[ft** 2 1 ] 

<D'J?%< U-jom 
[It** 2 2 ] 

W^O^Rf* i 0%*©^* < H-Wftt*ct, it** l*e>10*iO r l 
[If** 2 3] 

it^o ; FI»*J:a r ?6*o^4< tt-W'tt^oT, ff**l/&^ 1 OiJitn 

-&tf lit** 1 9ri><b2 1 *i*»HB*O^FIH»* J: TOifO^fc 
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[0 0 0 1 ] . 
[0 0 0 2] 

[0 0 0 3 ] 

#dW££4RI*4:**k#*. 6*1*0 -fit, 'J * -fU «0^g^J£5l^gK(i, 
[0 0 0 4] 

[0 0 0 5] 

fli^, ASK1 (7*° b-v*v^;VflJ#P*t--fe* 1 ; apoptosis signal -regulating ki 
nase 1) RJ6ttO**«K:«{5Ht«:^ , t^'f h >ffitt^nr->f 

(MAPKKK) T*oT, c-Jun<9N»*^--tf (JNK)*\ p38MAP* 

7#b- ASK mm~C&\M\ 2 tl2> ft? (#®fF%M 

1 ] #H§¥ 1 0 - 0 0 0 0 9 3 
[sJNffr^ftU ] Patten, R. D. , Udelson, J. E. & Konstam, M. A. rWC^ 
2>'k£ l ) ^v* 1 ) y ? b-ZrO^W (Ventricular remodeling and its prevention in 
the treatment of heart failure)] (1998) Curr. Opin. Cardiol. 13, 162-7. 
[^#ft:£jt 2 ] Olivetti, G. , Quaini, F. , Sala, R. , Lagrasta, C. , Corradi, D 
., Bonacina, E. , Gambert, S. R. , Cigola, E. & Anversa, P. ["£ bfet£'frjffifi& 
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ti, 'tK«)AffWt*»t*yn^9A)Hr||B|MBfcHJI+* (Acute Myocardial Infar 
ction in Humans is Associated with Activation of Programmed Myocyte Cell Dea 
th in the Surviving Portion of the Heart) J (1996) J. Mol. Cell. Cardiol. 28, 
2005-2016. 

Cheng, W. , Kajstura, J., Nitahara, J. A., Li, B. , Reiss, K. , 
Liu, Y. , Clark, W. A., Krajewski, S. , Reed, J. C. , Olivetti, G. , et al. T 

y v \ k £ it a 7 s n ? ? u mmm \t . mm^^mmm (Pr 0g 

rammed Myocyte Cell Death Affects the Viable Myocardium after Infarction in 
Rats) J (1996) Exp. Cell Res. 226, 316-327. 

[imWXU4] Hirota, H. , Chen, J., Betz, U. A., Rajewsky, K. , Gu, Y. , Ros 
s, J.. Jr., Muller, W. & Chien, K. R. rgpl304>ffiffilft£#gft4>&9l(i, 
m*)* h U^TK**t*'MP^©MO#tj6»**T*4 (Loss of a gpl30 cardia 
c muscle cell survival pathway is a critical event in the onset of heart fai 
lure during biomechanical stress)J (1999) Cell 97, 189-98. 

Ichijo, H., Nishida, E. , Irie, K. . Dijike, P. T. , Saitoh, M. 
, Moriguchi, T. , Takagi, M. , Matsumoto, K. , Miyazono, K. & Gotoh, Y. TSAPK/ 
JNKJ3 X tfp38 ft&iklr & "ilL^MAPKKKtr & & ASK1 kZ X Z> 7 # b - -> * 

<DMM (Induction of apoptosis by ASK1, a mammalian MAPKKK that activates SA 
PK/JNK and p38 signaling pathways)] (1997) Science 275, 90-94. 

I^ftttiltt 6 ] Saitoh, M. , Nishitoh, H. , Fujii, M. , Takeda, K. , Tobiume, K. 
, Sawada, Y. , Kawabata, M. , Miyazono, K. & Ichijo, H. HflUlf- * V *> > 
\U 7# h /MM* (ASKl)*ifcSH!ft*t* (Mammalian thior 
edoxin is a direct inhibitor of apoptosis signal-regulating kinase (ASK) 1) 
J (1998) Embo J. 17, 2596-606. 

[1¥&VF%1R7] Tobiume, K. , Matsuzawa, A., Takahashi, T. , Nishitoh, H. , Mor 
ita, K. -i., Takeda, K. , Minowa, 0., Miyazono, K. , Noda, T. & Ichijo, H. TAS 
KHi, JNK/p38 m*1-~V<DWmffi&4kt7#\>-i/ZK&m~?&%> (ASK1 is req 
uired for sustained activations of JNK/p38 MAP kinases and apoptosis)J (2001 
) EMBO Reports 2, 222-228. 

mmm®: t x 3 t -t * mi 

[0 0 0 6] 
[0 0 0 7] 

a ^jemfto^ft y 7* y y v k eh wifeoa-s y * f y > ^ * > aski </ ? * 7 * > ^ 

te^MH^^tt^iyfjaat^W^PIi^C^v^fc, ASK1*>^»*KJ: « 
i tfEH m&<v&M V*rV>7 K £ it a M tto TO^fgfST *• *> 4 3 £^t£ 
3S«rPP«U-C§4ifc, ASK1* ^*Sftjfc£fc i 19, ^®5MJs i EflEHflf&i&Sgy *7 

y ^^icjotear^h-v^^TO^^ffitJ^ilin^WJ-e^aii:, aski* w^lfo 

[0 0 0 8] 
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is n is it * aski 9 9 %<D®m%m* H#1" * ft-W* t *ttJftfl" k t * BUT* «J , * 

kSKi9>j*9n<D&m%%iwmif&i%tix, mmmmtMsfrb. 

[0 0 0 9] 

li«l6fiT«:ftl«l"C**o L/c^oT, iilf, -klgffiS* SME^ ^ 
[0 0 10] 

[S&E*****fc*<&ft&©^Sl 
[0011] 

*»Wi:*v>T, ASK1*>A*®{±, 0O*.tf, PilL^OASKl^ V/^fTC* «K SF 4 L 
<tt, hOASKl* J:lJ#SL<U\ GenBankr'- *^-*2»##D84 

4760 7 5 y miB^'J *> L < tt MB 7 5 7 BtffiyiJ £ #0| |W|- O 7 5 / $SB?iJ T? & o X , 3 
£#4 L< f±> ^MOgm*iifflt^m#OASKl^>^ o ^®c07$ym@B^Ji:[B]-^ L 

< (i^ra-^7 5 ygfcE^&fc a aski HtrlB*KlH]-^7 5 yms£ 

£!l 2: LTli, 01*. If, E9SO*Wtt* , *&5 0 %J&±, »4 L< tilt 6 0 %JSU^ «fc 004 

l < (±^j 7 o %a±, $ <b nff 4 l < »4» 8 o %a±, «pt# 4 l < 9 o %m±, ft 

&£P4 L < (4 9 5 %JU1±W7 $ SWmxh^X, ASK1* >ac* KOf&tttr^i" & 9 >'*9 
[0 0 12] 

* »t * aski * * ac * gomtmm * a#t * t •** E*-e**u;fl&K:«i 

RSftfcv**, TIB (1) - (8) ^«#*Wf>*La 0 

i>~u<Dtz®<vmmte, btismfo k * »t * askidirna^ hir * b«-* a 

(5) ^^HC^OttOlSStLt, ^M<7)^T^rO : ?Ki5J:U f ^O^^< 

o £ * © EX tt > 'frttJHMS K * * ASKlifife^- <^)$s^ £ fi#-t 4 * Jfcfl- 

(6) $Hi9©?f>C-f-^ll«J:L-C, *^©^«f HSU i < 
*-jofc*«)liia, «frjHiilBJftK*v»r s ASKi^/^K^f^fct^HT-Sria^-f £ 

ttJ|E#2 004-3078794 
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tt&m fr *»Jfcfr i: + a EST? * & . 

T fcflMW ? S * ft** * t & EX r & 4 o 
[0 0 13] 

TftfEASKl * > / < * R CO * ^ - -b'rgtt Sr H# + S ft** > i tz tifrSBASKl 9 >/**K£>g 
SU >&ft*IH#t*ft**J: Ltli, tflxtf, ASK1* V-'<^3Rt#IIW!fcttASKltt#5& f 
fclf&ftfco Ifl5^ASKl#i;#f4, ^^D-tWtt^n-tW^ott 

ffiTEffiASKlffift^ SMMfrJWboTfc flfEJft#»rfrfc Lrtt, fflxtf, F(ab')2 
, Fab, Fab', £ XXfFv? 7 9** > *>ti> Ztlh <D7 7 9~* > Y It, 

[0014] 

Sfcfc, ffiEASKl* w<*f^**-4fi&te*lfl*t*ft**» SfcttffiEASKl*:"* 
iff- J rT^mWh IfhtL&o ItlSASKl K 5 i- > Y * tfy- -f ^Jg*#tt , ASK1 * > /< * ® 

o^-f-tfi&fiu ier/ifkffitt, #j:u^*#fto^*< fct-ofriis-esafc© 

■C*fLtf, tffcWRSfl/f, ASK1(K709M), ASKl(K709RK ASK1NT, ASK-AN(K709 

Mk ASK-AN(K709R)****»fe>*i.*o HIS K709M iJiLF K709R tt, ASK1* >'*9 g^70 
9#@tO'; ^(K)*>>\ -E-tu-Pit^ f-*->(M)£J:ir7/i'¥-:'(R)£*&Lfc£ t fcJtL 
, UtTEASKlNTtt* ASKl^ >^^K©N*3«B*"C** 1-6 4 8 7 5 J WtoXM&fr h & 
»K HrfBASK-ANii, ASKl^>/<^R^C*5»«i«-C** 6 4 9 - 1 3 
7 5 7 5 ^ >/^f ^^to 

[0 0 15] 

%h\ztiz* mu^9y^9n<r>*±-^m i & i kmm-tz>it&m, ttz\ti&msKi9 

>^S^I5'J >Bfcft*IIMFl"*ft**i: Urf4> UlAtf, f- * 1/ K* 6 
[0 0 16] 

11EASKliiJ^©flRfcM+4fl:**fc Ur»4, «x.tf, 7 J'f-fe * 9 Is** 

Kj&**»f <b*L&«, TWETVf-feJ'XtfV KfcUTli, ASKlmRNA t^^&jK 

U, ASKl^>^«©»a*«lW-Cl*t©T*iHf, #C«R$*Li*, ttAtf, 7>^ 
■t > * DNA, 7 ^ f-fe > * RNA, 7 > f-te > 9, DNA/RNA* ^ 5 , £ «t * ©itff?5 ? * If 
<b*i£ 0 ffirE7>?-feV*#U Wtf KOE8JI4, ASKlffiRNAcoffi?lie^Ji:[Wl-t fcti 
*JtWCW— -C**i Uv>„ *f&WK:fiv»r, ASKlmRNAE?!U4, $J;Lf£, nf?L® 

<D ASKlmRNASEyj ~C <9 > *fH<l±U OASKlmRNAE^J"C* •? , <t t < (iGenBank 

D84476 oss?ij-e& 0 > ^ «b tc^^ t < te^f&EoEXfcM-ta 

«x tf, E?dO*Rltt3& f l& 5 0 fcJBLtOEfllT?* *9 . ffH(l±S60 %i^±> «t *) UZ 
L < itrfo 7 0 %£1±, $ £ L < ii^tJ 8 0 %£l±, 4*C#i t < 9 0 %mJi> « 

tfft t< t±9 5%ja±©Eyj - c*oT, aski^ w<^ko7§ ysiEyotra-* t < »± 

^K|W]-C07$ / iftE^J *• 3 - Kt 4 £3fE?!liWf ^ . 
[0 0 17] 

$ HfrfBASKlmRNA<59 jif? * lit * 4fc£© t Ltli, W k \f , RNA^F^O A <7)RNAt5? 
*tf"b^^)o ffERHAT^O^ft^RHAk UTU, ttxtf, -iffieASKlmRNAia^Jii^-E^J^ 
HSU, *fe»i=a«IRNA#*»fe>*t, *ftU<(±> IIEASKlaRNAETI k w-e 

fctilE#2 004-3078794 
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ItrlEASKlmRNABByiJ t WZl*tgRKA-C* 4 o 

[0 0 18] 

mzhSKity^tntDmikim^tixtt, mm, Daxx, trak** 1 *^*^ friBA 

SRL9>'1?XK X tyftmkZtl&^t LX\t, mm, MKK3> MKK4, MKK6> MKK7 N JNK 
, p38 MAPK **»*»ffe*L*o Cite>0"1>-C4, **W©IS*©-^lRK:i3V»T, ^$JJ& 
fl-^EWI-StWIEASKl^V^^KCilJiSttft^tLSH^fcUTtt, MKK4, MKK7, JNK rt J 

if* Lv^ 0 

[0 0 19] 

ti&fc&®K.l±, ft3^S*ffc*», fta^TflMfrfr*, DNA, RNA, ^7°^ h\ 

fflz.lt, DNA, RNA, ^7'^- £ti<b£a- Kt 

* * * U*f- KEfll fcfOfflf § 4 o LWoT, <t tfifcfcO^fc 

< <J>--#o£ai>oEil<D$ &4*-?$Rfc LTtis TIE (9) coBi^&tf "b^&o 
(9) ^©HC^foiiUt, *55WO'fr^©^l»*J:0 r t&#o^4< i 

*-f*9-C, t&IB* * l'*?- KlfiW, luffi* * - KEyy^llllfc&RfclM&Bai 
[0 0 2 0] 

imxt z> ^ttfmt*^? * --?hti\-i, mzmmzti-r, mm, -m%, zia, 

il^*/ctiX-^--3^;K7)DNA^?-^RNA^ : f-^ ; Sr^ffl-e§^o *fltfl9Ktt, ftrfB^ * 

^7Vyx-r7 K-)^;^^^^-^')^^^^^-^, P CAGGS(Genel08, 193-200 
(1991)), pBK-CMV, pcDNA3, pZeoSV (>f > fcf h n-y >ttft) >f ^X^? * 

[0 0 2 1] 

EILEEN <frK#K& * <bK#JK£, 5fe^tt'C^m, ^M4flG^M^^S> t£ 

[ 0 0 2 2] 

> &*§-imtLx\±. ^mmz&cx, mm, mn&*m, «*au 

4*j > %tm, mm, &m\ mmi, mmi, &t, &i*o , *mim*& 

ifbtiZo ttz, mtmn^mtLxa, mm, mi, %m, nm, »**u mm\ 

< t i>-yji,z!%Lx%Li)®%&)%i><DZimtz>zktfm* 

[0 0 2 3] 
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[0 0 2 4] 

xif, in vivofe^ex vivoj*** f *tf<bit*o TliriEin vivoi*T?fix §WOgS£ 
, «ttK«MfKlSi:*:aa*tft#ft»lcJ: 019:4 Sii*o ftlU ttlHL feT, jfe 

l*k IS^I*I^t'^4L-ci J: <, *«fcB*fe*L««tt*otOK1t«l99fa4t-CtA 

^ 0 ifc^ we***-^ #*>f ttffB^**-o&4#&t 

[0 0 2 5] 

©^IB* Jtftt*©^* < k t-*©fc*OBW***a^*Ifi*:#tr^^ 'J 
^*tfe-C*ittf«p*:«IIR$^ftv^, TI5 (l) ~ (8) ©3§» s <Mf <bft*o 

(1) ^^-liat, ^W^'byF-kn^WS k%>-1i<Dtzib 
©SI©^^'J--^m ASKl * v *9 WWsWt * 7 # h - v * <DM%\ k 

*»#t*X8*£tr**y-->^:frtt-C*4„ 

(2) *f&WO-€-0*fc©5&JBfc LT, *S&W©£*£«^I*:&J:TO*©4>«: < fc t-* 
O » CO MM <D 7, >? U - - y i± % ASKl * > * K O * r - *gtt © f&tt H# * HIM 

(3) M^©£6^<altb©^Isk Lt\ fcftHO&^O^RrilitfftilMJ^a: < £ 

(4) #f&W©3 6fc*©fll©J&a8k LT, ^BJ^W^O^^^«fclM^O^^< fc 

(5) *»WO$6C*oflJO*ffli:L-C, »WO^^O : f|»*J:0 r »*«>^4< fc 

*>—-fi<Diz#><Dmmv>x9 i )-->yi3fci±> mi&fc^omw-nm.&tn&kLx^ m 

(6) *&Wff>ZhK*nfaV ! HmbLX > Hii J: Ifte*©^*: < fc 
<>-#©fc*©E3*©** V-->^*fttt, ASKl? ^^K^fSMHT-oPl^ £^41 

(7) #»9I©S&fc*Ofl!OjB»kLT, *!&WW't^W : FI»liJ:U r ?&3Sw^4< k 

v - aski try^t^z mmt $ *i a H 1 ?© E* 

(8) $fi§©$?)i:^<7)ffiwllJ:Lt, Hi^iO'ifi*©^* < fc 

»w*««k lt, m^n-fb^to^e*, w^TOfc^imto^fc < k 
&<Dmm$ufr*miR?zx&*$ttz?v--y7jomx°$>2> 0 

[0 0 2 6] 

HU&©*? 'J --y^-S(±> Oy'jn, << yevv&xifj y\s#K&^X'&%k$; 

fcbliE#2 004-3078794 
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[0 0 2 7] 

$-« -c § & $*iJ * t * * * u - - y rufeWb ifhtLZo 

[0 0 2 8] 

« x If, *fl«*Mt*»ff £T * * M KASKUSttft* fcft, MBifflJfe^ 6 

£ fc t\ ASK1 9 y *9 % <0 * 7 - 4? f&tt * jJfl flffl T" £ & $#J £ S^i" * * * 'J - - > 
[0 0 2 9] 

ASKltt#«rfflv»fftffia:l»tfcASKl^ >^7fCML^'J >*MSKljfc#*fliv»-C*x 
[0 0 3 0] 

lWiaASKlinRNAO«|RE#*»tl(i:L*:^^'J--v^fti: LTtt, 01 x. 

* KOH^ SrffFflfi-T -5 £ t -e, ASKloRNAOTO* lfl#-r * BM^MIRt h 7. 9 'J - - > 
[0 0 3 1 ] 

^«»^W^T»w**i|fflfitfett»W^*^fei^4:J|tllt, ASKlmRNAOH 

m * ztx\ /mAtt-mm * na#"t * asso * s#-r * * * v - - v 

[0 0 3 2] 

ItflEASKl ^WRCioT fcttfb £ ft 3 H^O [fi§ £ ^ £ L £ * * V - - > 
fcLTWU *#WKH\ ^^.{^ 1S*iStt#ASK-AN«:»a-*-*«lfi*>t»±lMrIB1I*flHt 
#ASK-ANSr^M«&5li-4 h^W-^v-J^K, **J«ttffr&!»*!S:4U 01*. 
(f, MKK3, MKK4> MKK6, MKK7, JNK, P 38 MAPK^Ofgtt, $fS L< tt, MKK4. MKK7, JNKO 
©14 £ M 1" -5 £ "C, ASK1 9>/*9&\zX* Tffittft $ ft & *: a * 

[0 0 3 3] 
[0 0 3 4] 

ttiffiE^ 2004-3078794 
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TI5 (1) ~ (6) o»J8#*»fe)*i*o 

(1) $iP-naT, »wo^^©^Piw*J:o f i&*©^ft< k 

li, ASK1* >^^IAW5 7^ h— >^*:ttHWt«i k **tr^l»is J:0%aw>^4 

(2) ^^fciwiItLt, ^HHjo^^o ; fKi5J:y f ^<7)^^< k 

0> tt ^ jKffllfi is TASK1 ^ > ^ R O * ^ - 4f ffitt *: EiF-T * CI t «r # tr^ K?U 
iTO*©^* < k i-^^ftt^i, 

(3) #5&W0 3&fc*«HllM>3BI&i:l/t\ ^§|BJOW^co : ?|5$^J;y f ^o^^< k 

(4) #5&Hw3&K*©fli©JBISi:L-C, aMMBC'ta^O^Rffc ±tfi&*o^4< k 

(5) $»?^:f<Oioiiat, *|&WO'£.^^o : f|»*i0 f f&j»O^'a:< k 
*>-:£0#&}±, ASKlMftftH^fc.fctfASKl* JtK:ffittftSii4H^^4: < k & 

(6) #f&H0 3e>C*©flJ©JBJRi:LT, ^ftW^W^O^Rf* J tTJ&*0^4 < k 

o 

[0 0 3 5] 

tfc, **WoW^oWffJfttt, ^lfflflS^i5^^ASKi^>'^ 0 ^Ko^t--t*rS14 

, srwftn^wf-e^ *ttKt ti^t#»fi • t&f^i^t^o mis 

^^js^fto&^i^tk LT!±, 4>jfrK&, ~&JkJ±M, 'C>R#J1^> 'i>K 

[0 0 3 6] 

[»#!! 1 ] 
[0 0 3 7] 

(ASK1 / ?>7T*J h-7-)7i:*ltfJV) 
ASK1/ y h mz1fc%<D&&C57m/]%m<DFm4X<Di><DZimL (To 

biume, K. et al. (2001) EMB0 Reports 2, 222-228.) , *<DttmSt£.MWZ (WTv? 
*) ktT, ^«ft#ra^*4K7B16/Jv<>**teJBLfc (Japan SLC, Inc. ttll) „ 'bffi 
M^r^idXZfMUWijzWjMM^ (TAC ; thoracic transverse aortic constriction 

iKKlB*©t*5K, ^»JR©**«!!«CJ:0 3l*jBiL (Otsu, K. et al. (2003) 
Biochem. Biophys. Res. Commun. 302, 56-60.) ^ ttz, tfrfBTACJ&IBHt, AUtClBlR^ 
£J3 19 MTofc (Date, M. 0. et al. (2002) J. Am. Coll. Cardiol. 39, 907-12.) „ 
[0 0 3 8] 

^Jta-ttSEtt, v£;*>S:2.5%«>7'*-f->(avertiiu 8// l/g)fJ&i$U ultra-son 
0graphy(15-MHzO^«^^#x.7tS0N0S-5500, Philips Medical SystemsttSO 
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^X$kftLtz 0 'frlifi> M'WWnU^BBMM (two-dimensional parasternal shor 
t-axis view) T-UHMiU 'C^4>^: (midventricle)?^- K'frxa -Ulli, ¥LUt»<£> 
l^;VT*IB§i L fc. <L46> £ ^g|5M, (LVIDd) 4 <b t>* IZ&MU 

m*m% (lvids) & mriBM^ - mm* bWz 0 

[0 0 3 9] 

^^-f-y-^S^^*^, 1 0j!tt$Ov}7.£, ^-^5 >(ketamine 50-100 mg/kg) <h 
+ V7v>-(xylazine 3-6 mg/kg) kO?I£t/£«rt&ltLT, BWlLtZo luIB^ 
7*0£giIljM£frPiU 33 »K ftipglf (TCP-500, Millar Inc.) fcglfc 

$ft£l.4 French Millar*r-r;i/i: t ^Jc^-jl- Vtff AL7^(Nakayama, H. et al 
. (2002) FASEB J., 02-0474f je. ) Q Iul2* -r-r^^lffMIbM^Jf A L/cf&> MIB* 

[0 0 4 0] 

7^ |*3/<mWI*!: Lfco ^ft*/'J > • (Hematoxyl 

in and eosin ; HE) t&ikt fcfiv v V > Y } ) ? n - 2»#Srfe (Masson-trichrome stainin 
g) ^HEWl^Ltffo/:, 
[0 0 4 1 ] 

(-Y >fcf hn + t-b7 y*>f ) 

tt4MMr*— H?7 7*4 K«fc l?i!teLfc(Ichijo, H. et al. (1997) Science 275, 90-4. 
)o rtHttOASK10ft38Eit»tt, $&£©fcis»K 5 0 0 // gW'Mffi^** h 7* McifrL, 
T^to/c (Saitoh, M. et al. (1998) Embo J. 17, 2596-606. ) 0 
[0 0 4 2] 

(7*°b-v*<7)M) 
7*° f - v*<7)iHil±, 5 t^f^^ry'J * l^-f v>;l/ h y ^7x7-fe'ff 
*^>-d UTP-y VmWi (TUNEL) 7 y-M KTfrofc. ff|B7 ? ■fe'ftt, 4> 

(in-situ) 7*° h-v7.f£ffl*y 1 (TakarattSO ^ffflLT, fUtt£*4>R 

fi> X40 ^l/>X^*Jtf£#*P^-Cjfc;tfco v»<o**>lfcH-fcov*-ctt, a^<t^ 
ntfv'^A (propidium iodide. Vector Laboratories IncttSS) . TUNEL, ISXZF, fact 
-yrfrutr OftiRflMMft) 7*^>ffi#*fflv*fc=Slfefe£fi : o;fco 
[0 0 4 3] 

(Sf^iB 77l> ® <fr£jffillllJB®4Dft)t£ k Ty-fe-f) 

1 ~2 BttO^-f ^#-*X5H#fc9? ^^iiltt^ XHtofcfcOfc, H££ 
U M Lfc(Hirotani, S. et al. (2002) Circulation 105, 509-15. ) Q tt&tt#«A 
SKI (AdASK-AN) 4 tzli 0 if 7 ? h s s \f (AdLacZ) iftm+ZTT; frZ^ir 9 
-its RMffyt&TOX*)* (Saitoh, M.et al. (1998) Embo J. 17, 2596-606.) o 

^L/Co 0 BiOfltfc 1 Lfcffiftjffllfelfctt, 3-[4,5-dimethylthiazol-2-yl]-2,5-diphe 
nyltetrazolium bromide (MTT) 7 v -M K&cfV>£Cell Counting Kit-8 (DojindoM 
) ZH^Xs 3®mfeLtz 0 Hoechst 33258 Ci &«lfcfel±, M&Z 1 6 0^M©#* 

[0 0 4 4] 

(MAPK'j >BMkO«5fe) 
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[0 0 4 5] 



^fi*l±, ¥*&±TOKH(SEM) tLTiLfc. ^f-iS'li, Student's t test 
T-M L 7t o -5BB«0$Hftfl*f (ANOVA) t*>7xD-z O^SJfctfc (the Bonf erron 
i's post hoc test) ifcttRtMlJ&HJWMfr (repeated measures ANOVA) fr, ^mj£t£ 

(multiple comparisons) fcttfflLfco P<0. 0 5©fltt, il^^MK:**-?** t * 
& Ltz 0 

[0 0 4 6] 

(ASK1 yy*7*hv$*KiJ»t* -WKOflMftft tt) 
ASK1 y *7* fv-J^^Ik, JtJBIPfeffl (WT)v**o,fcttfc*Jt«Lfc 0 AS 

TE*l©i:*^ W#OBH£**&SliB*&ita:*»ofco tfTEASKl J v 1 7 -> h v ? 

fl&iK»ii<OSffl,**7E, i fcJ4^Si»*tiE»4B* b tiZfrvtZo £ <b itfrf5ASKl/ y * 
7} h v^xo$,«O^Sffiiii${i, WB#]SWTv9*©<-*iiJS&lifc*o;fc (ASK 
hT'ti, 338+12^ m 2 t^t, fcHBffmi, 328±12^m 2 Tfcofc) 0 



^fcic, ASKIO/ y*7tl Y#> >tWM1&£&mi-Z>fr¥ l )fr*%mtZ>tzlt>K, ASK17 

St^f. l§IBIfci5V»t\ ASK1V 7 *7<> h^^H^fl"^ "9, ttPSWTv ^fi^lT* 
*4o Tlfi^ 1 15 d; XfM 1 ACifi^ K> 1WrEIHBaBK*^T, ASK17 7?7^fv 
^ *£ttfl?.WTv #*4ai»iBi6?)*L4^ofco 'kill* t-tjHSKJ: *)®b 

> !5J:y f ^lc^1-^lflLfi : Mf'-^S:TE*l K^-to TE*1 KMtX } IuISjM 
fr»Sl7*-^CiJV»-r<>, ASKiy y*79 b v^^tStSKWTv^^t-Cfi, Mftnae 
a&fL&frofco ELt©fcl£3&»6, ASKiy y ? 7 ^ 5EHT4*ilO^H(|ji* 
*lT«fig*3gXTV*;5£fc#jii?lft3tU&o 



ff^Jffl'J^-*?^ ASK1-/- (n=5) WT (n=5) 



[0 0 4 7] 



[0 0 4 8] 



#11 (g) 
'^MfiS (mg) 
2E^JUi: (mg) 
-fcMMA (mg) 
'kMJt!: (mg) 
M#ft (mm) 

(mg/g) 
^M/JS-fS (mg/mm) 
£gJKifit»3E (mmHg) 
£^&3f*$J+ (mmHg) 
max dp/dt (mmHg/sec) 
min dp/dt (mmHg/sec) 
(beats/min) 



ASK-/- ( n =10) 



23.0±0.8 
106.8±3.8 
75.5+2.0 
20.4+2.0 

8.7±1.3 
16.8±0.1 
3. 29 ±0.07 
4.48±0.11 
86.0+2.0 

0.9±0.9 
6600±270 
-5300+440 

413+28 



23.6±0.2 
106.0±2.2 
74. 1±1. 6 
18. 4±0. 7 
10.1±0.4 
17.2 + 0.2 
3.14±0.06 
4.30+0.11 
83.2±3.0 
0.5+0.3 
6320+490 
-4900+360 
393+28 
WT (n=10) 



n.s. 



n. s. 



n. s. 



n.s. 




n. s. 



n.s. 



n. s. 



n. s. 



n. s. 



n.s. 
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(mm) 

2E£JDU8*»B& (mm) 

a£Srtao»* (%) 

&3Hlfl<fr£*mW (mi 
&3K$££&M (mm) 
^jS (beats/min) 



3 84±0.08 


3. 92±0.06 


n. s. 


2.33+0.06 


2.37±0.06 


n. s. 


39.3+0.8 


39.5+0.7 


n. s. 


0.68+0.03 


0.70+0.02 


n. s. 


0.62±0.04 


0.65±0.03 


n. s. 


528 ±14 


531±15 


n. s. 



±12^1^ ASKl-/-fi, ASKiy y ?7V h**U nit, 8fr*8fc&&U n 
ft^E^ft^C: i: max dp/dtii itfmin dp/dtii, -£tl-?tl. 



s. li, 



*i» & j+# (owM^itmm, 

[0 0 4 9] 

aski /yn^vwt ftwm *x<ox.mwim* m^&w. l, ^ um * 3 1 § & - 
?tf; 0 'frjK«*^*v»T, »; y>f\u t-fs fiMJ&nmtmnxi' (side-s 

ide slippage) i:ffoT4t, U *LT\ fttf ittltttv 

fctt, mozY]/ZZ®.'J??Z<DK'&\LW, ftfcftKtt, ss^ksru 

»ffl«Tt^o ffifBttfl-WfcllftOM^WJBt:* (24B*HJBlrt) tt, ASKI 
J ?97*J W^xk*tH?JTv femfm?*i9 % 7H MwjEtr^fcWl-oniJK 

#*4J|ttB*?>*L4:*o/; (ASKI/ 7 * 7 •> h v^^#20%T** 19 , it JRtWTv X j&*18 

•j >^33tt6, aski/ v97*> \-<r>4 >vtf\,z&wh!kW£ttiw>m*f(-mLtzo mm 
m*>itib\z, -L>x3-«t mtmrnmrnm, mtmmwmrm. atrmm 
mmmmmz, m^K^^tz 0 zmt%:*Ttm2 k^u <7)<^§:<7)«MM-■ : t- 
K0W$'l>^-;j^|a<7)H5tf£lm A^K^o BIBIfc:fcv»"C* ASKI/ y*79 
9 * (ASK-/-) li^fll-C* 19 > ttRBWTv * x £ 0 * fc, HTCMMMBItfeoaia 

^5i*»3@(LviDd), &aws*»«aviD8)* ±raan«flat*(FS) *jt«L*:-fl* 
m^mmt, t t ^mm l -?-otf jmoMii, aski s vfTvvwz (ask-/-) «t 
©jfei?w8Sii, aski / 7 ^7-> 19 4*tffiirrv , )^* , t*^S* i 9Jto 

go C£att*tft*LTv»4v»)ASKiy7^7^ hiJiWJBWrv^^tfti, £^i£3S 

^^o/; 0 ^EiiElt^ma^moWsWTv^xcoMiis iWtMiJt (0/ 
#J£) i±. WfiSffTv x^ASKiy 7 * 7 * > J: 0 <> *o fc (ilfili, 
ASKI/ ?^7f 153.3+3.3 mgT& >9, WBRWWn 204.5 + 15.3 mgTNfcofc 0 4fc 
, Mr/#ibtt, ASKI J v 9 7*7 hits 5.63±0.24 x 10" 3 T?*»K MR?>WT^\ 7.65+0.53 x 

io- 3 -e*ofc) o 

[0 0 5 0] 

ASKI lv_2_7Jl± (n=14) gJg l^JU 2gM% 4jii 



#1 (g) 24.6±1.9 

1xMMM.%W^ (mm) 3.64±0.09 

2£gJR*i5|tJtl3g (mm) 2.28±0.06 

ixMnwmm^ (%) 39. i±i.7 

Ifi^^ + PIHW (mm) 0.68±0.03 

ffim&M&MM. (mm) 0.62+0.03 

JRMlftLJE (mmHg) 107±2.5 



25.4±1.0 
4.33±0.09* 
3.78±0.07* 
12.8±0.4* 
0.34±0.04* 
0.73 + 0.03 
109+3.1 



27.4 + 2.0* 
4. 72 + 0. 16* T 
4. 05 + 0. 19* t 
13.9±1.6*t 
0.37 + 0.05* 
0.77 + 0. 03 T 
108+3.8 
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'L N *f0 (beats/min) 


625 ±20 


615±10 


566+14 


MBSJT (n=8) 








#S (g) 


23.3±0.8 


24.5+L3 


26.5±2.3* 


£^fc!l5fc#H§ (mm) 


3.75+0 06 


5.72±0.24* 


6. 17±0.3* 


£SJBlfii5fcJK]& (mm) 


2 37±0 15 


5 23±0 25* 


5 65±0 3* 


(%) 


38.8±1.0 


8.8 + 1.0* 


8.7±1.0* 


ttlllS^SfNIW (mm) 


0.73+0.02 


0. 33+0.02* 


0.31+0. 01* 


&5H8£^«J¥ (mm) 


0.65+0.06 


0.48+0.06* 


0. 55+0. 05* 


JKiBSBiLEE (mmHg) 


104±4.8 


104+3.9 


106+4.0 


'k-fS (beats/min) 


604 + 5 


613+4 


576+6 



(7? 4 »H&0*frfiRWTv ^XC^LT, P < 0 . 0 5t'$)4o 
[0 0 5 1 ] 

ASKl/ y*7* Y^V*tWm^V*<DMW$ift*.®Wi*%M (TAC) #kttt 
HE*kv^3Bttl), BOA Y VX*W>-£*£Z> 0 TAC&ttLfcvfr^fcj&wTfc, lit 

is <t t/^M Jit k ttJd * Jg < o TACM J: h JEJWffHo&S v ^ * 

a, ASKiy y ?7^ ho>f >if#t:*it«^a*fl9l»*IHIiLfeo ffgffio^Cs 

^x3-ms^> ftisHf+MstiK tireMo29mife, ^jitrflHaftii^awan 

3-tft*l2IO— ■WSrBI 1 ATfiCSt. raHK*v»r % ASK1 / y ? 7 $ h v .x (i^ffflf 
*»K i#Rffrv^Xtt£fl|-T?**o ifc, lulBM4iIP B 1^0^i£?i*^#(LVIDd), £ 
MW^*TO(LVIDs)i3J:O f ^|*lMII^(FS)*J:b«L^-^^iIl BT^tc^1- 0 ft 

/#M Jt) ti , ASKl /-^Tf^J: CW JHWT* * * T% [WtflgJfJn L fc „ * O 

m *T-<7)I«(7)5liffiiii:ov>T t , JtJUitt*&;h.fctf»ofc (ASKl/ y *7? brt 4 
> 443 ± 18 ^-e&frK 445 ± 15 pdttbviz) „ ifc, fflEtoe4fiHI 

a-eii, wjhwtt •> ^ o&aaaisfejHs* 1 , aski/ '^T^hvw^j&i crACM 

*L"Cv»4v») v^KJt^-C-gl^ilinLfco ASKl/ y*7* 

2 * ^ftfe*"* * * t Jk^T^MWTv •> X Cii v»T* L < M^Lfco TAC&1I4jili]fc0Ji|j 
mfi^ct^/^MJttt^ ttFSWTv^XT^L<iiinL7^\ ASKl/ ?97*J 

[0 0 5 2] 

(S3) :TACCJ:4EJHi(fftK^tt4^a*»^9>-^4:, txn-^ftCiS 











ASKl / y ^ 7 9 h 




TAClfi&(n=5) 


TAC4i!f&(n=5) 


(g) 


30.4 + 0.4 


27.1 + 0.8 


29.9+0.6$ 


'L^Kfift (mg) 


146+3 


193+13 


218+8* 


0jt£ (mg) 


152+4 


n. d. 


162+4 1 


IfHSft (mg) 


1470+50 


n. d. 


1310+50 


'C>/#fifiJt 


4.8+0.1 


7.1+0.5 


7.3±0.2*T 




5.0+0.1 


n. d. 


5.4+O.lf 




49 + 1 


n. d. 


44+1 


*S4£3I*»!S (mm) 


3.63 + 0.10 


3.76+0.09 


3. 98+0. 11 T 


£gJR*S*J(8& (mm) 


2.09 + 0.04 


2.24+0.07 


2. 32+0. lit 


(%) 


42.4+2.1 


40.5+1.1 


41.9±2.1t 


ttaOi'&S't'lim (mm) 


0.78+0.03 


1.00+0.07 


l.l±0.02*f 
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'k&I (beats/min) 



0.78+0.04 0.91±0.03 0.85±0.03 

554±16 548±24 563+26 

fefett4gft(n-3) TAClg&(n-4) TAC4g^(n-4) 



« (g) 
<bK£ft (mg) 
JSfrJtdft (mg) 
ITHSS (mg) 
<k/#MJt 

Wf/Maib 

(mm) 

2cSJR«I*»!S (mm) 
(%) . 

JfcSJH'fcSflifiW (mm) 
ffiSIB££MJP (mm) 
'bfa (beats/min) 



27.7±0.6 26.2+0.2 28.3±0.9 

137±10 182+9 253+17*$ 

143±7 n.d. 317±41* 

1360+90 n.d. 1350+140 

5.0+0.3 6.9 + 0.3 8.9 + 0.3*$ 

5.2+0.2 n.d. 11.1 + 1.1* 

49+2 n.d. 47+3 

3.76+0.21 3.64+0.08 4.91+0.19*$ 

2.23+0.24 2.22+0.09 4.01 + 0.23*$ 

40.0+3.5 39.1 + 1.5 18.5±2.1*t 

0.73+0.01 0.92+0.04 0.85 + 0.08$ 

0.67+0.07 0.84+0.05 0.79+0.02 

541+26 541 + 16 548+30 



* * c k £ ^ u t (±. tac<d 4 ara^©** jswrrv * * fc*t LT, P < 0 . 0 5 ?* * i 

fc*£U tli, TACOiaMfc©m-«Wfflv**£*tLT, P<0. 05T-&££ 

10 0 5 3] 

Gfi*£tt*3fe) 

£WASK1 y-^^T^hv^T, OifrB-C* (3 , fifli^JtJSlWrv ■> 0 i fc, 

yV>h^o-AMUi!DJi-t*9, /t-tt, 5mm^^1-o R0/4«ftJ:^C, DWB 
04il BUO WRdFTT £ X 0<bR f± , ASK1 7 y * 7 * Y v X <£> ft fc Jfc& L T W & 
/H~+;^o£o ifc, [5]!l/i^t±, *tJ!SWTv iilMffif */^^PIcdMo- 

WMtt^&lUcJfco Tftfc <b ASK17 -7 * 7 -> h v ■> *T-{±, frKitl&Wfi 

x vsk^mm^mmmm® * tut*** aski/ v^t^y ^^^omummm^^ 



ASKi y 7 * 7 ? h x v>4M-e h *k &m*ttmw? v z ©-tit' 2b * » $ fc , 
is v> T , £H*», AvfJfyij y_x + v > (HE)«rfe LW?* 9 , v <y v > 

h U * n - A jfefe Lfc$jfi"C£> * o IW] W^-f J: 9 TttE«k1tt04aHft©WI!RWTv V 
*<V>bU<0%L.m±Whfrti<>tzi?, ASKiy y * 7* h t ^ 7. Hi3V^T{±, M^I>M<£>J£ 

^ioiw#> frUkLxmmzti, *omMmj&<onm\t. w&mwzv'bm'vm 

Ijife "C 2fc o o 
[0 0 5 5] 

Mffim KiJ It 4 StJHWT* J: tfASKl J y 7 * Y v ^ ^ o^IK frfr & h ^ ©8 



[0 0 5 4] 



[0 0 5 6] 
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-tftsi^f^tii, mfct&'kinKm^bti&muMnffite, ~mm (double produ 
h-^* tttm\n^<yz tx^^mmtbhtittfr^tz (ftiiait aski * y * 7 

brt^ 110.2±6.0 mmHgT2boT, WJBWW, 108.2±2.8 mmHgTfco 'L^(±> ASKI 7 
ytTthtf* 582±10/min t^ot, ttfiB.WW, 559±24/min"C* o fc) 0 £"b(K ft 
gO^MXte, ga*MiBf*i:^Kll8'<^:M^^^ , >^^*v»-cra*T**)> ASKI* y* 7 
nv^Of^li, 51.3±5.7*-?*»K JtRgWTOW^ 49.1±4.9X-e*ofc 0 Itztf 
oT, ASKll££KJ:£St5ilUK filJilJAftOll^tP#t^^Bg'tt7^/ ? ^6:v^c:i:^^$^^ 

/Co 

[0 0 5 7] 

TAC&fiKJ: b V*fi> TAC*6 7Bft, 

* 4 > tr ^ai5gi- * - 1 -cn^-e § 6 o *<Dmfeotii%k> nmw.it 2 ^(omMm^o 

E.13&&*ML < ASKI V 7^7^K^ fc#BHfrv TNfrfcfclgtt 

B»?>*L4:*ofc (ASKI* 7*7 >7 bri s , 55. 5+5. 7 BunHgT* *> , *tJSWW, 57.3±4.6 
wt\gT&otz) o 
[0 0 5 8] 

SiHf'JV H^tt*]&"Cl»Jni+* 7 # b - v 7. * ASKlKf*<&3&* 4: ff ffi 
L /Co MMIt^ i ttTACMfcfc 7 # b - v * $ ftfc'fcttlBlfiOffcx. £ fc* 
, TUNEL7 y -t << Srfljffl Lfco ASKI ;^7^KWt fcj-flgWTv * * t -Cjfctfc L££* 

£v>T*>, TUNELR&ttifflfl&OSfc, tfcfr^ 7# b -^^WlftOfttt, ASKI * y * 7 * b 
v->^r*v»-C± 0 M?sWTv^^Hi5V^-Cl : L<iiSnL/co ifc, TAC&g&OTUNEL 
Ittlii, -£Mfc«*ELTi5tK ^OitfK ASKiy y*7*bv**J:ijfe, tfj&WT 

[0 0 5 9] 

fUfrfrftflll * i: «St § 4 o 
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